Purpose To evaluate the association between early and late postoperative intraocular pressure (IOP) and determine if early postoperative IOP can predict the surgical outcome. Methods A total of 165 consecutive patients with primary angle-closure glaucoma (PACG) undergoing primary mitomycin-C-augmented trabeculectomy underwent a comprehensive eye examination before surgery and were followed-up on days 1, 7, 14, and 30, and months 3, 6, 12, and 18. IOPs on days 1, 7, 14, and 30 were stratified into groups A (o10 mm Hg), B (Z10 and o15 mm Hg), C (Z15 and o20 mm Hg), and D (Z20 mm Hg). Differences between groups were analyzed using analysis of variance (ANOVA) and Fisher's exact test. Multivariable regression was used to exam the predictive ability of early IOP for final outcome. Results The mean age was 62.5 ± 7.9 years and 41.21% (n ¼ 68) were males. Stratified by IOP on days 1, 7, 14, and 30, respectively, mean IOPs at month 18 were different among groups A, B, C, and D (ANOVA, P ¼ 0.047, P ¼ 0.033, P ¼ 0.008, and Po0.001, respectively). Once the IOPs were settled with interventions on day 7 a higher IOP level was associated with decreasing success rate under different outcome definitions, final IOP o15 mm Hg (Fisher's exact P ¼ 0.001) and o20 mm Hg (P ¼ 0.039) without medication.
Introduction
Glaucoma is a leading cause of irreversible blindness worldwide. 1 Lower intraocular pressure (IOP) is the only known crucial factor that protects visual field over time. [2] [3] [4] [5] Filtration surgery remains an important and effective intervention to achieve this goal. [6] [7] [8] Eye specialists have taken considerable efforts in performing the surgery for a controllable outcome and IOP has become the surrogate factor in judging surgical success. [6] [7] [8] [9] Existing evidences suggest an association between early postoperative IOP and long-term effectiveness of trabeculectomy. [10] [11] [12] [13] Long-term success might be predicted by early postoperative IOP with sensitivity from 89 to 93%. 11, 12 Accordingly, it has been suggested that a higher IOP after the first postoperative week may require early intervention to ensure success. 14 On the contrary, others have reported only a weak association between early and final IOPs and conclude that early postoperative IOPs had limited ability to predict long-term outcomes. 15, 16 Until now, the relationship between early and late postoperative IOP was not clarified. We need studies with reasonable sample size and adequate duration of follow-up to conclude the predictive value of early IOP.
Using data from a prospective randomized controlled trial (RCT) of releasable sutures, we re-examined the association between early postoperative and final IOP, and the ability of early postoperative IOPs to predict the outcome of trabeculectomy in Chinese patients with primary angle-closure glaucoma (PACG).
Materials and methods
These data were part of a RCT conducted in four clinical centers of the Tongren Eye Hospital Beijing; the Handan 3rd Hospital (Hebei Province, China); the Anyang Eye Hospital (Henan Province, China); the Fushun Eye Hospital (Liaoning Province, China), and the Chenzhou Eye and Optometry Center (Hunan Province, China). The primary purpose of the trial was to compare the efficacy and complications of trabeculectomy with or without releasable suture in eyes with PACG. Ethics approval was obtained from institutional review boards at the Beijing Tongren Hospital, Capital Medical University, and at all sites. Registration information is publicly available at WHO Primary Clinical Trial Registry (ChiCTR-TRC-00000218).
PACG was defined as primary angle-closure with glaucomatous optic neuropathy and comparative visual field defects in the absence of secondary causes. 17 Eligible subjects were recruited from the four centers between April 2006 to November 2007. The inclusion criteria were: (1) age 40 years or above; (2) presence of peripheral anterior synechia (PAS) in the angle for 6 or more clock-hours; (3) IOP Z21 mm Hg; (4) evidence of glaucomatous optic neuropathy (combination of cup: disc ratio Z0.7, asymmetry of cup: disc ratio Z0.2, retinal nerve fiber layer defect, rim: disc ratio o0.1 and notches; (5) corresponding glaucomatous visual fields defect; and (6) axial length Z21 mm.
The exclusion criteria were: (1) secondary angleclosure; (2) patients with serious systemic diseases or family issues that could preclude follow-up; (3) history of previous intraocular surgery or trauma; and (4) unwillingness to participate.
On obtaining written informed consent, patients were randomized to receive trabeculectomy (Trab arm) or trabeculectomy adjunct with releasable suture (RS arm).
Surgical techniques
All trabeculectomies were carried out by glaucoma specialists using a standardized technique. None of the patients underwent combined cataract and trabeculectomy surgery. Surgery was performed under surface anesthesia. The eye was prepared by aseptic technique and draped with an occlusive dressing to isolate lash follicles. A lid speculum was placed and a 7/0 superior rectus muscle traction suture was placed for ocular stabilization. All operations were performed using a limbus based conjunctival flap. A 10-mm incision was made through conjunctiva and tenons capsule approximately 8-10 mm from the limbus and dissected anteriorly to the limbus. Hemostasis was achieved using monopolar diathermy and a 4 Â 3 mm 2 rectangular scleral flap partial thickness fashioned. Cellulose sponges soaked in MMC (0.3 mg/ml) were applied under the scleral flap, conjunctiva and tenons for 1-4 min based on the preoperative risk factors. Care was taken to avoid contact with the free edges of the conjunctiva and irrigation with balanced salt solution was performed to wash out any residual MMC solution. A paracentesis was created before removing a 2 Â 1.5 mm trabeculectomy block.
Two 10/0 nylon sutures were placed in the posterior corners closing the scleral flap using a releasable technique in the RS arm; fixed sutures were used in the Trab arm. The suture tension was tailored to achieve ooze of aqueous through the scleral flap without shallowing of the anterior chamber. The conjunctival incision was closed with a single running 10/0 vicryl suture and integrity of wound closure checked by irrigating the AC through the paracentesis using balanced salt solution. Any leak from the paracentesis was closed with a single 10/0 nylon suture. Tobramycin 10 mg þ 4 mg of betnesol was injected subconjunctivally inferiorly and a pad and shield placed on the eye.
The release of the first suture was performed when the IOP was 421 mm Hg with a shallow bleb. All second sutures were released within 10 days of the first suture. Although ophthalmologists were required to follow the protocol, they had the discretion to manage the individual patient.
Examinations
All patients underwent a comprehensive ophthalmic examination at baseline including refraction, static and dynamic Goldmann gonioscopy, Goldmann applanation tonometry, slit lamp and fundus examination, and automated perimeter (Humphrey Field Analyzer 750 (HFA, Humphrey Inc., San Leandro, CA, USA), SITA Fast strategy, 24-2 threshold test were used in clinical centers of Handan, Fushun, and Chenzhou, whereas Oculus Centerfield Type 56950 (Oculus Poland, Ltd., Warsaw, Poland) was used in Anyang Eye Hospital). Visual acuity (LogMAR vision chart, Tumbling 'E' Acuity Sight Test 4 Meters cat. no. 2305 (Precison Vision, La Salle, IL, USA)), applanation tonometery, slit lamp evaluation and assessment of the optic nerve and macula were performed on postoperative days 1, 3, 7 and at 2 weeks, 4 weeks, 3 months, 6 months, 12 months, and 18 months. Additional visits were scheduled if indicated. Use of medication, additional surgery, and complications were recorded. All clinical data were documented in standard forms.
IOP was measured twice by a clinical technician at each study center. If the measurements differed significantly (42 mm Hg) a third measurement was performed and the mean of the results was recorded.
Statistical methods
Patients with severe postoperative complications (bleb leakage, persistent choroidal detachment), and those who received additional intraocular interventions for non-glaucoma causes were excluded from this study.
Statistical analysis was carried out with SAS v8 (SAS Institute Inc., Cary, NC, USA). For analysis purposes, we looked at different cutoff points. Accordingly success was variously defined as postoperative IOP o15, o18, or o20 mm Hg without medications before a repeat trabeculectomy. Surgical failure was also defined according to the particular analysis as postoperative IOP Z15, Z18, and Z20 mm Hg, introduction of medications for glaucoma or need for a repeat trabeculectomy.
If both eyes of a patient were eligible, the study eye was randomly selected. To investigate the association between early IOPs and IOP at month 18, patients were arbitrarily divided into four groups based on IOP on days 1, 7, 14, 30, respectively: A (o10 mm Hg), B (Z10 and o15 mm Hg), C (Z15 and o20 mm Hg), and D (Z20 mm Hg). IOPs of each group were compared using one-way analysis of variance (ANOVA). Differences in and the effects of early IOPs on the proportion of IOP control among groups at month 18 were tested using Fisher's exact test. Receiver operating characteristic (ROC) curve was used to determine the best cutoff for outcome prediction. The relative risk (RR) of failure was estimated for the early postoperative IOP above the cutoff. Multivariable regression models were used to predict the final IOP. Alpha error was set to 0.05.
Results

Patients and demographics
A total of 175 subjects were recruited from the clinical trial. Ten patients were excluded because of the following reasons: two patients (1.1%) with choroidal detachment that persisted for more than a month, six patients (3.4%) with bleb leaks, and two (1.1%) who needed cataract surgery within 12 months. The remaining 165 cases were eligible for analysis ( Table 1 
Relationship between early IOPs and surgical outcomes
The participants were classified into four early IOP (A, B, C, and D) groups as detailed earlier and success rate by different final IOP cutoffs were calculated and tested (Table 2) . Although some of the P-values were not significant when success was defined as final IOP o18 or 20 mm Hg most of the P-values were marginal and a clear trend was observed. A lower early IOP was associated with a higher success rate. There were statistically significant differences amongst the mean final IOPs of the four groups stratified by IOP on days 1 (ANOVA, P ¼ 0.047), 7 (P ¼ 0.033), 14 (P ¼ 0.008), and 30 (Po0.001), respectively ( Figure 1 ). In the Trab arm, mean final IOPs raised from groups A to D stratified by IOP on days 1 (ANOVA, P ¼ 0.286), 7 (P ¼ 0.009), 14 (P ¼ 0.007), and 30 (P ¼ 0.079), respectively. It was possible for patients to move between the groups. Multiple linear regression were performed to explore the effects of early postoperative IOPs (on days 1, 7, 14, and 30) and baseline variables, such as age, PAS, bestcorrected visual acuity (BCVA), anterior chamber depth (ACD), vertical cup/disc ratio (VCDR), and visual field mean deviation (MD), on final IOP (Table 3) . Among the variables age, BCVA, PAS, ACD, VCDR, MD, and IOP on day 1 did not achieve significance in univariable model. Early IOPs on days 7, 14, and 30 were selected for further modeling. We also include other biological plausible factors in the multivariable regression model, such as age and PAS. Final IOP was regressed on early IOPs of each time point (respectively) and other selected variables (Table 4) . PAS was eliminated in the multivariable regression models and the equation for final IOP prediction was constructed. For all of the PACG patients received trabeculectomy either with fixed or releasable sutures: final IOP (mm Hg) ¼ 17.3 þ 0.21 Â IOP on day 7 (mm Hg) À 0.09 Â age (years). For PACG patients received trabeculectomy only with fixed sutures: final IOP ¼ 17.0 þ 0.36 Â IOP on day 7 À 0.11 Â age.
In the multivariable equations IOPs on postoperative days 7, 14, and 30 were the only variables independent from age (in all of the models, P40.05) and PAS (in all of the models, P40.05) that significantly affect final IOP. In the RS arm, significant association was not observed until day 30 (B ¼ 0.22, P ¼ 0.03). For the PACG patients without releasable sutures, 1 mm Hg of rise in IOP at days 7, 14, or 30 predicted an increase of 0.35, 0.23, or 0.47 mm Hg in IOP at one and a half year later.
Outcome prediction (ROC curve was used to determine the best cutoff for outcome prediction. The area under ROC (AUC) of IOP at day 7 for the three outcome cutoffs (final IOP, 15, 18, and 20 mm Hg ) were 0.661 (P ¼ 0.001), 0.596 (P ¼ 0.084), and 0.642 (P ¼ 0.027), respectively. A cutoff value at 13.5 mm Hg on day 7 achieved an accuracy of 80.0% in predicting success of IOPo15 mm Hg without medication and 57% in predicting failure after surgery, respectively. If the IOP on day 1 was 410.5 mm Hg or the IOP on day 7 was 413.5 mm Hg the RR of failure, which was defined as IOP equal to or greater than 20, were 4.2 (95% CI 1.2-14.8). The RR, if failure was defined as IOP Figure 1 The difference of final IOP levels among early postoperative IOP groups. The differences among groups A (o10 mm Hg), B (Z10 and o15 mm Hg), C (Z15 and o20 mm Hg), and D (Z20 mm Hg) were statistically significant (ANOVA, Po0.05).
equal to or greater than 15 mm Hg at 18 months, became 4.3 (95% CI 2.1-9.1). It was also observed that during the 18 months followup patients with lower early IOPs (r18 mm Hg at day 1) required a lower number of anti-glaucoma interventions (P ¼ 0.028, RR 3.2, 95% CI 1.2-8.4) and medications (P ¼ 0.051, RR 2.8, 95% CI 1.0-7.8) than those with higher early IOPs.
Effects of interventions on outcome
Among patients with the surgical success (r18 mm Hg) at 18 months, 54% had experienced an IOP increase (415 mm Hg) within 7 days of surgery. Interventions other than suture release were needed in 8.3, 8.3, and 8.8% of those with high IOP (415 mm Hg) at days 1, 7, and 14 during the whole follow-ups. The interventions included laser suturelysis, massage at the edge of the scleral flap, needling, medication, and repeat trabeculectomy if needed. The rate of surgical success showed no difference between subgroups with and without interventions (including suture release; Fisher's exact test, P ¼ 0.582, 0.388, and 0.636).
Conclusion
Using post hoc analysis of prospective data from RCT, we found that early IOP following trabeculectomy was associated with the final IOP. Among subgroups with different early IOP levels on days 1, 7, 14, and 30, increasing early IOP indicated a higher final IOP, and, patients with a lower early IOP had a higher success rate.
Previous studies have attempted to use early postoperative IOP to predict a favorable outcome following surgery. [10] [11] [12] 14, 16 A retrospective analyses of 92 glaucoma patients with antimetabolite-augmented filtering surgery suggested that 16 mm Hg on day 1 predicted long-term success (r21 mm Hg without medication) and failure with an accuracy of 88.8 and 55.5%, respectively. 12 Another retrospective assessment involved a 2-year follow-up on 203 eyes undergoing unaugmented trabeculectomy. 11 Success was defined as an IOP o21 mm Hg at 2 years. In all, 92.6% of successes could be predicted by a first postoperative day IOP of o17 mm Hg; 42.6% of failures could be predicted by an IOP above this level. In this study, ROC curves provided similar results as prior reports. IOP from days 1 to 30 clearly had a maximum area under ROC of 0.71. A cutoff value at 13.5 mm Hg on day 7 achieved an accuracy of 80.0 and 57.1% in predicting success (o15 mm Hg without medication) and failure (Z15 mm Hg or start medication) after surgery, respectively. Others have found that early postoperative IOP cannot predict final IOP in technically successful glaucoma surgeries. They felt that IOP at the 1-month point is a better indicator for the long-term course and further intervention. 15 Although this study pooled data from trabeculectomy as well as combined surgery, and postoperative interventions were not considered in the analysis. 15 Manipulation of releasable sutures is believed to substantially affect the filtering pathway. In RS arm, IOPs started showing correlations with final IOP only after 30 days of time (98.9% of eyes completely removed the sutures). In contrast, the IOPs after day 7 in Trab arm correlated well with the 18-month IOP. Suture release could reshape filtering pathway reducing IOP to a wide range of level. Thus, in RS arm it altered the assumed association. In general, the longer the postoperative follow-up, the stronger the association between early postoperative IOP and final IOP. The increasing R 2 value with follow-up time in multivariable regression model gives the impression that artificially created filtration gradually becomes stable and finally determined the long-term IOP. Moreover, regardless of difference in success criteria early IOPs were predictive of rates of final success. We also noticed that the immediate interventions after surgery may have a considerable role in maintaining functioning filtering structures and change the probability of success. This is in accordance with Marquardt's report that intensive postoperative care can significantly increase the proportion of filtering blebs achieving target IOP without medication. 18 However, the R 2 is small, indicating the process of wound healing for trabeculectomy was complex. Age and PAS did not affect final IOP.
There has been a lot of discussion on setting target IOP. 3, 5, 19, 20 In our study, although we did not conclude a specific IOP the trend test supported the idea that patients with lower early postoperative IOP would have a higher probability to success regardless of the criteria. In addition, IOP exhibited increasing importance in guiding the interventions.
The results may have important implications for the management of glaucoma patients and suggests maintaining a lower level of IOP during immediate postoperative period. It could be argued that such an apparent difference in outcome based on early IOPs should encourage surgeons to undertake postoperative interventions to lower down early postoperative IOP. With the current data, we are not able to suggest a lower limit for the IOP control. Lower initial IOP and the measures used to achieve them are not without risk and giving our inability to lower IOP predictably, striving for very low IOPs might not be advantageous. 15 A balance must be sought between the risks of inducing hypotony and ensuing complications and the attainment of a safe IOP facilitating long-term successful surgery. 10 Analysis of factors contributing to postoperative complication is limited in this study because of a relatively low incidence. It is also important to emphasize that this study did not assess bleb morphology in the early postoperative period. Optimal early bleb characteristics might predict intermediate IOP success; the IOP correlations in our study could be simply potential markers for this. In addition, our follow-up was intermediate in duration (18 months) with some loss to follow-up, and one must be cautious of extrapolating these trends to the long term.
Strictly speaking the results presented are only applicable to only the trabeculectomies in PACG patients with no early leak, choroidal detachment, and so on. However, the demographics of the subjects bear many resemblances with the population enrolled by Sihota. 21, 22 Definition of success varies between reported series but quoted success rates ranged between 80 and 100% over 1 year 23 
